(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 887 661 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

30.12.1998 Bulletin 1998/53 

(21) Application number: 98303905.8 

(22) Date of filing: 18.05.1998 



(51) Intel e G01T 1/164 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Difilippo, Frank P. 


MC NL PT SE 


University Heights, Ohio 44118 (US) 


Designated Extension States: 


• Gagnon, Daniel 


AL LT LV MK RO SI 


Mayfield Heights, Ohio 44124 (US) 


(30) Priority: 30.05.1997 US 866179 


(74) Representative: Waters, Jeffrey 




GEC PATENT DEPARTMENT, 


(71) Applicant: PICKER INTERNATIONAL, INC. 


Waterhouse Lane 


Cleveland, Ohio 44143 (US) 


Chelmsford, Essex CM1 2QX (GB) 



(54) Diagnostic imaging 



(57) A nuclear camera system includes oppositely 
disposed radiation detectors (10a, 10b) which view an 
examination region 14 wherein a subject 16 is received 
therein. During a diagnostic scan, a motor and drive as- 
sembly (18) concurrently moves the detectors (10a, 
10b) in a straight path along a longitudinal axis (20) for 
a selected time interval. The radiation detectors (10a, 
10b) are positioned at a first angle at which the subject 
is viewed and the angle is maintained through the scan. 
A data processor (23) collects the data from the detect- 
ed radiation and a coincidence circuitry (26) determines 



coincidence radiation events occurring on the detectors 
10a, 10b. A first set of image data is generated for the 
first angular view and stored in a view memory (28). A 
second scan is performed where the detectors (10a, 
10b) are shifted to a second angular view and the de- 
tectors are moved along the longitudinal axis for a sec- 
ond selected time interval. Radiation data is collected 
and a second set of image data is generated for the sec- 
ond scan. The first and second sets of image data are 
combined and a reconstruction processor (50) recon- 
structs the combined data into an image representation 
or a whole-body tomographic image (60). 
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Description 

The present invention relates to diagnostic imaging. 

The invention particularly relates to such imaging in 
conjunction with nuclear or gamma cameras and will be 
described with particular reference thereto. It is to be 
appreciated, however, that the present invention will al- 
so find application in other non-invasive investigation 
techniques and imaging systems such as single photon 
planar imaging, whole body nuclear scans, positron 
emission tomography (PET), digital x-ray computed to- 
mography and other diagnostic modes. 

Single photon emission computed tomography 
(SPECT) has been used to study a radionuclide distri- 
bution in a subject. Typically, one or more radiopharma- 
ceuticals or radioisotopes are injected into a patient sub- 
ject. The radioisotope preferably travels to an organ of 
interest whose image is to be produced. The patient is 
placed in an examination region of the SPECT system 
surrounded by large area planar radiation detectors. Ra- 
diation emitted from the patient is detected by the radi- 
ation detectors. The detectors have a mechanical colli- 
mator to limit the detector to seeing radiation from a sin- 
gle selected trajectory or ray, often the ray normal to the 
detector plane. 

Typically, the detector includes a scintillation crystal 
that is viewed by an array of photomultiplier tubes. The 
relative outputs of the photomultiplier tubes are proc- 
essed and corrected, as is conventional in the art, to 
generate an output signal indicative of (1 ) a position co- 
ordinate on the detector head at which each radiation 
event is received, and (2) an energy of each event. The 
energy is used to differentiate between emission and 
transmission radiation and between multiple emission 
radiation sources and to eliminate stray and secondary 
emission radiation. A two-dimensional projection image 
representation is defined by the number of radiation 
events received at each coordinate. 

In tomographic imaging, data collection is per- 
formed by either continuous rotation of the detectors or 
by "step-and-shoot" data acquisition where the detector 
is rotated at uniform intervals, typically 2 degree steps, 
over a 360 degree or 180 degree range. At each step 
position, radiation events or counts are acquired from a 
selected time interval. The data acquired from each step 
position (e.g. each projection view) are combined to re- 
construct an image representation. 

Positron emission tomography (PET) scanners are 
known as coincidence imaging devices. In planar coin- 
cidence imaging, two detectors oppose each other with 
a subject disposed between the detectors. The detec- 
tors view the subject along a longitudinal axis without 
rotation, otherwise known as limited angle tomography. 
Radiation events are detected on each detector and a 
coincidence circuitry compares and matches the events 
on each detector. Events on one detector which have a 
coincident event on the other detector are valid data and 
used in image reconstruction. 



The above-mentioned acquisition protocols may 
not be optimal for a given imaging situation. Some an- 
gular detector positions offer more useful imaging infor- 
mation than other angles due to geometric effects, at- 

5 tenuation, scatter of radiation, and random coincidenc- 
es. In a situation where the count rate is low, an optimal 
acquisition protocol will greatly improve image quality. 

In accordance with the present invention, a method 
and apparatus for diagnostic imaging is provided where- 

10 in a diagnostic imaging system includes a plurality of 
planar radiation detectors which oppose each other and 
have an image volume disposed therebetween. The im- 
age volume includes a radio isotope which emits radia- 
tion that is detected by the radiation detectors. At a first 

15 angular view, the radiation detectors are moved along 
a longitudinal axis and a first set of radiation data is col- 
lected over a first time interval. At a second angular view, 
the radiation detectors are moved along the longitudinal 
axis and a second set of radiation data is collected dur- 

20 jng a second time interval. An image representation is 
reconstructed from a combination of the first and second 
sets of radiation data. 

In accordance with a more limited aspect of the 
present invention, the steps of positioning, moving, col- 

25 lecting and reconstructing are repeated for different an- 
gular views of the radiation detectors until a desired im- 
age representation is obtained. 

In accordance with another aspect of the present 
invention, a method of collecting radiation data with a 

30 nuclear camera system which includes a plurality of ra- 
diation detectors disposed at an angle to each other and 
has a subject positioned therebetween. The nuclear 
camera system performs a diagnostic scan which in- 
cludes moving the radiation detectors along a non-ro- 

35 tating path and detecting radiation for a selected time 
interval. A plurality of diagnostic scans are performed 
where the radiation detectors are shifted in a different 
angular position for each of the plurality of diagnostic 
scans. Radiation data is generated for each of the plu- 

40 rality of diagnostic scans based on the radiation detect- 
ed and the radiation data from the plurality of diagnostic 
scans are combined to generate a set of combined ra- 
diation data which has an enlarged angular view. 

In accordance with another aspect of the present 

45 invention, a diagnostic imaging system is provided for 
generating an image representation of a subject dis- 
posed in an examination region. The diagnostic imaging 
system includes radiation detecting means for detecting 
radiation from the examination region, a means for mov- 

50 jng the radiation detecting means or the subject along 
a straight path at a first fixed angle of view, a means for 
generating radiation data based on the radiation detect- 
ed at the first fixed angle of view, a means for selectively 
positioning the radiation detecting means at a second 

55 fixed angle of view such that the means for generating 
generates radiation data based on radiation detected at 
the second fixed angle of view along the straight path, 
and an image generating means for generating an im- 
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age representation of a region of interest of the subject 
based on the radiation data from the first and second 
fixed angles of view. 

The invention will now be described in greater de- 
tail, by way of example, with reference to the accompa- 
nying drawings, in which: 

Figure 1 is a diagrammatic illustration of a diagnos- 
tic imaging system in accordance with the present 
invention viewed along a longitudinal axis; 

Figure 2 is a side view of the diagnostic imaging sys- 
tem shown in Figure 1 ; 

Figure 3 is an example of radiation detectors set at 
a first angular view for a first scan; 

Figure 4 is an example of radiation detectors set at 
a second angular view for a second scan; 

Figure 5 is an example of radiation detectors set at 
a third angular view for a third scan; 

Figure 6 is an example of a resultant angular view 
obtained from combining the views shown in Fig- 
ures 3 to 5. 

Figure 7 is an example of three radiation detectors 
positioned for scan; and 

Figure 8 shows the three radiation detectors of Fig- 
ure 7 positioned at another angular view for a sec- 
ond scan. 

With reference to Figures 1 and 2, a nuclear diag- 
nostic imaging system has two planar radiation detec- 
tors 1 0a and 1 0b disposed at 1 80 degrees to each other 
and are supported on a movable gantry (not shown). Of 
course, the detectors may be positioned to oppose each 
other at any angle suitable for detecting radiation. A ra- 
diation receiving surface 12a and 12b of the detectors 
are positioned to view an examination region 14 for re- 
ceiving a subject 1 6. It is to be appreciated that a greater 
or lesser number of detectors can be provided and de- 
tectors having non-planar radiation receiving surfaces 
can be used. The gantry includes a motor and drive as- 
sembly 1 8 which moves the radiation detectors concur- 
rently along tracks in straight path along a longitudinal 
axis 20 which is along the length of the subject. The mo- 
tor and drive assembly 18 also selectively rotates a ro- 
tatable portion of the gantry which concurrently adjusts 
an angular view of the detectors with respect to the sub- 
ject. A subject support or patient couch 22 adjustably 
positions the subject in the examination region 14. Al- 
ternately, the gantry can be stationary and the subject 
support is configured to move the subject along the lon- 
gitudinal axis. 

In the preferred embodiment, each detector 10a, 



10b includes a scintillation crystal that is viewed by an 
array of photomultiplier tubes. Radiation emanating 
from radiopharmaceuticals or other gamma radiation 
producing substances injected into the subject follows 

5 linear paths or rays outlined in radial directions from an 
isotope of the injected substance through the examina- 
tion region 14 with radiation along a fraction of the rays 
being detected by the detectors 10a, 10b. Each time a 
radiation event occurs, radiation striking the scintillation 

10 crystal causes a light flash or scintillation. The photom- 
ultiplier tubes nearest the scintillation respond with pro- 
portional output signals. The gantry or an associated 
control console includes a data collection processor 23 
for processing the data collected by the detectors 10a, 

15 1 0b. Position and energy resolving circuitry 24 connect- 
ed to the photomultiplier tubes determine the energy 
and position of each scintillation event. Position and en- 
ergy resolving circuitry 24 also utilizes the longitudinal 
position of the detectors with respect to the subject. 

20 in one embodiment, the injected substance in- 
cludes a positron emitter which emits radiation in all di- 
rections, a fraction of which are detected by the detec- 
tors. A data processor collects data of each detection 
and a coincidence circuitry 26 compares and matches 

25 detected events on each of the detectors. For example, 
if an event on detector 10a has a coincidence event on 
detector 10b, the events are useful data and are stored 
in a view memory 28. Events which do not have a coin- 
cidence event are typically disregarded as noise. Alter- 
so nately, a non-coincident event is used for image recon- 
struction if the event represents a single photon emis- 
sion. For single photon emissions to occur, an isotope 
is present in the subject which has a different energy 
value than the positron emitter. Data collected from de- 

35 tected single photons are processes and reconstructed 
in any manner as is well-known in the art. Once the ra- 
diation data is collected, whether from coincidence, sin- 
gle photon emissions, or a combination of both, a recon- 
struction processor 50 reconstructs the data from the 

40 view memory into a selected image representation or a 
whole-body tomographic image 60. The image may be 
selectively displayed into a human readable form such 
as on a video display or on a printed medium. 

With reference to Figures 3 to 6, an exemplary scan 

45 is shown where a scan includes moving the radiation 
detectors 10a, 10b along the longitudinal axis 20 and 
radiation data is collected for a selected time interval. In 
Figure 3, the detectors 10a, 10b are positioned to view 
the examination region 14 at an initial angle or angular 

50 view. Lines L1 and L2 represent a limited angle area 
which is defined by the size and position of the detectors 
10a, 10b. The motor assembly continuously moves the 
gantry, which thus moves both detectors, along a 
straight path following the longitudinal axis 20 for the 

55 selected time interval. The detectors are not rotated 
along the straight path. A reasonable scan interval for 
whole-body imaging is, for example, approximately 50 
minutes which is partly limited by the inconvenience 
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caused to the subject and time required to collect a suf- 
ficient amount of data. In the present scanning system 
however, the scan at the initial angular view is performed 
at a time interval, for example 30 minutes, which is less 
than a desired maximum scan time. The radiation data 
collected from the initial angular view is processed and 
stored in the view memory as a first set of angular view 
data. 

After the initial angular views are obtained along the 
longitudinal axis 20, an operator may request the sys- 
tem to reconstruct an image based on the first set of 
angular view data obtained. If the resulting image is suf- 
ficient for a diagnosis, the scanning procedure can be 
stopped. Typically, however, additional data will be re- 
quired. 

With reference to Figure 4, the scanning procedure 
is then continued with another diagnostic scan along the 
longitudinal axis 20 but here the radiation detectors 10a, 
10b are positioned at a second angular view which is 
different from the initial angular view. The second angu- 
lar view, which has an angular view area represented 
between lines L3 and L4, is obtained by rotating or trans- 
lating the detectors 1 0a, 1 0b by a selected angle before 
the scan begins with the angle being maintained 
throughout the scan. The second scan is performed for 
a time interval which is selected based on the desired 
maximum time and the duration of the initial scan. For 
example, if the initial scan interval was 30 minutes, the 
second interval may be 1 0 minutes. Of course, the scan 
intervals may be any selected value and may equal one 
another. A second set of angular view data is obtained 
in a manner as described above. The first and second 
sets of angular view data are independently reconstruct- 
ed and combined 30 (or vice-versa) in selective portions 
to generate a resultant image. Alternately, selected por- 
tions of the two sets of angular view data are combined 
30 into a resultant data set which is then reconstructed 
into an image 60. By obtaining the second set of data, 
the system can progressively add to or enhance the pre- 
viously obtained initial data in order to reconstruct more 
accurate images. 

The process can be further iterated as shown in Fig- 
ure 5 where a third scan is performed with the detectors 
10a, 10b positioned at a third angular view which has 
an angular view area defined by lines L5 and L6. As 
seen in Figures 3 to 5, for each individual scan, the de- 
tectors 10a, 10b have an equivalent angular view area 
which is defined and limited by the size of the detectors. 
However, combining the different sets of angular view 
data produces an enlarged angular viewarea represent- 
ed by lines L3 and L6 as shown in Figure 6 thus produc- 
ing an improved sampling of data. 

With reference to Figures 7 and 8, a three detector 
system is shown which has radiation detectors 70a, 
70b, 70c mounted on the gantry 1 20 degrees from each 
other. A first diagnostic scan is performed as described 
above with the detectors 70a, 70b, 70c positioned at a 
first orientation angle having a first angular view as 



shown in Figure 7. 

A second diagnostic scan is performed with the de- 
tectors 70a, 70b, 70c positioned at a second orientation 
angle having a second angular view as shown in Figure 

5 8 which is 60 degrees offset from the first orientation. 
Radiation data is collected during each scan and an im- 
age representation is reconstructed based on the two 
sets of data as previously described. Of course, addi- 
tional scans may be performed at different angles until 

10 a desired image representation is obtained. 

To optimize a given imaging situation, diagnostic 
scans at certain angular views are selected to have 
longer scanning intervals than other views or even by 
eliminating selected views completely from the acquisi- 

15 tion procedure. Temporal and angular views can be var- 
ied from subject to subject. For example, in torso imag- 
ing, less body attenuation (and also less scatter) typi- 
cally occurs in front-to-back views as opposed to side- 
to-side views. This results from the front-to-back depth 

20 of a subject being typically less than the side-to-side 
width. The result is that the counting efficiency is higher 
in a front view as compared to a side view. For another 
example, the additional angular views of partial angle 
tomography is more optimal than a single view scan, in 

25 many cases. The increased angular sampling yields 
more diagnostic image quality than the additional counts 
at the same view. Furthermore, since images can be re- 
constructed during data acquisition, an operator can ad- 
just the selected angular views and scan intervals to fo- 

30 cus on a region of interest. 

An advantage of the embodiments utilizing partial 
angle tomography scanning and reconstruction de- 
scribed above is that data acquisition is improved by se- 
lecting certain imaging views and collecting data at the 

35 selected view for a longer time interval than other views 
which optimizes imaging time, reduces scan times, and 
improves image quality and lesion detection for count- 
limited systems. 

Another advantage is that selectable temporal and 

40 spatial data acquisition protocols are provided. 

Another advantage is that it may be applied to col- 
limated single photon imaging systems as well as coin- 
cidence imaging of positron-emitters. 

Another advantage is that mechanical motion of de- 

45 tectors is decreased as compared to step-and-shoot da- 
ta acquisition. 

The invention has been described with reference to 
the preferred embodiments. Obviously modifications 
and alterations will occur to others upon reading and un- 

50 derstanding the preceding detailed description. It is in- 
tended that the invention be construed as including all 
such modifications and alterations insofar as they come 
within the scope of the appended claims or the equiva- 
lents thereof. 

55 
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Claims 

1. A method of diagnostic imaging utilizing a camera 
system including a plurality of radiation detectors 
disposed about an image volume, the image vol- 
ume including a radioisotope for emitting radiation, 
the radiation being detected by the plurality of radi- 
ation detectors, the method comprising: positioning 
the plurality of radiation detectors (10a, 10b; 70a-c) 
at a first angular view; moving the plurality of radi- 
ation detectors along a longitudinal axis (20) and 
collecting a first set of radiation data (23) for a first 
time interval; positioning the plurality of radiation 
detectors at a second angular view; moving the plu- 
rality of radiation detectors along the longitudinal 
axis and collecting a second set of radiation data 
(23) for a second time interval; and reconstructing 
an image representation (50, 60) from a combina- 
tion of the first and second sets of radiation data. 

2. A method of diagnostic imaging as claimed in claim 
1 , further including: positioning the plurality of radi- 
ation detectors at a third angular view; moving the 
radiation detectors along the longitudinal axis at the 
third angular view and collecting a third set of radi- 
ation data; and reconstructing an image represen- 
tation based on a combination of the first, second 
and third sets of radiation data. 

3. A method of diagnostic imaging as claimed in claim 
1 , further including repeating the steps of position- 
ing, moving, collecting and reconstructing for differ- 
ent angular views of the radiation detectors until a 
desired image representation is obtained. 

4. A method of diagnostic imaging as claimed in any 
preceding claim, wherein the collecting includes de- 
tecting coincidence radiation events (26) on the plu- 
rality of radiation detectors. 

5. A method of diagnostic imaging as claimed in any 
of claims 1 to 3, further including collimating the ra- 
diation such that radiation travelling along a select- 
ed path is detected by the radiation detectors. 

6. A method of diagnostic imaging as claimed in any 
preceding claim, wherein the second time interval 
is different than the first time interval. 



for generating radiation data based on the radiation 
detected at the first fixed angle of view; means for 
selectively positioning the radiation detecting 
means at a second fixed angle of view such that the 

5 means for generating generates radiation data 

based on radiation detected at the second fixed an- 
gle of view along the straight path; and image gen- 
erating means (60) for generating an image repre- 
sentation of a region of interest of the subject based 

10 on the radiation data from the first and second fixed 
angles of view. 

8. Diagnostic imaging system as claimed in claim 7, 
wherein the radiation detecting means includes a 

15 plurality of radiation detectors angularly disposed 
about the examination region. 

9. Diagnostic imaging system as claimed in claim 7, 
wherein the radiation detecting means includes two 
radiation detectors in an opposed relationship. 

10. Diagnostic imaging system as claimed in any one 
of claims 7 to 9, further including means (26) for de- 
termining coincidence radiation events detected by 
the radiation detecting means. 

11. Diagnostic imaging system as claimed in any one 
of claims 7 to 9, wherein the radiation detecting 
means includes means for collimating radiation. 
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7. Diagnostic imaging system for generating an image so 
representation of a subject disposed in an exami- 
nation region, the diagnostic imaging system com- 
prising: radiation detecting means (10a, 10b; 70a- 
c) for detecting radiation from the examination re- 
gion; means (1 8) for moving one of the radiation de- 55 
tecting means and the subject along a straight path 
where the radiation detection means detects radia- 
tion at a first fixed angle of view; means (23, 26, 28) 
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(54) Diagnostic imaging 



(57) A nuclear camera system includes oppositely 
disposed radiation detectors (10a, 10b) which view an 
examination region 14 wherein a subject 16 is received 
therein. During a diagnostic scan, a motor and drive as- 
sembly (18) concurrently moves the detectors (10a, 
10b) in a straight path along a longitudinal axis (20) for 
a selected time interval. The radiation detectors (10a, 
10b) are positioned at a first angle at which the subject 
is viewed and the angle is maintained through the scan. 
A data processor (23) collects the data from the detect- 
ed radiation and a coincidence circuitry (26) determines 



coincidence radiation events occurring on the detectors 
10a, 10b. A first set of image data is generated for the 
first angular view and stored in a view memory (28). A 
second scan is performed where the detectors (10a, 
10b) are shifted to a second angular view and the de- 
tectors are moved along the longitudinal axis for a sec- 
ond selected time interval. Radiation data is collected 
and a second set of image data is generated for the sec- 
ond scan. The first and second sets of image data are 
combined and a reconstruction processor (50) recon- 
structs the combined data into an image representation 
or a whole-body tomographic image (60). 
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